Equilibrium, kinetics and thermodynamics of acid dye adsorption on palm oil empty fruit bunch by Tahir, Norini
  
EQUILIBRIUM, KINETICS AND THERMODYNAMICS OF ACID DYE 































EQUILIBRIUM, KINETICS AND THERMODYNAMICS OF ACID DYE 










A project report submitted in partial fulfilment of the  
requirements for the award of the degree of  
Master of Science (Chemistry) 
 
 
Faculty of Science 













Specially dedicated to 
my dearest family members for the encouragement, support and inspiration 































In the name of Allah, the Most Gracious and the Most Merciful. 
 
 
 All praised is to Allah S.W.T the sustainer of the world and may there be His 
blessing to all messengers and His last messenger, the prophet Muhammad S.A.W 
and his family, companies, followers and the entire believer till the end of time. 
 
 
 First of all, I would like to express most gratitude to my Project Supervisor, 
Associate Professor Dr. Zaiton Abdul Majid, for her continuous quidance, tolerance 




 I am also indebted to Universiti Malaysia Sabah (UMS) for funding my 
Master study. I would also like to express my sincere gratitude to all lecturers and 
staff in the Department of Chemistry, Universiti Teknologi Malaysia, for their 
enormous help in my study. I would like to extend my sincere appreciation to other 
faculties related to my study. Not to forget, thanks to all my friends, colleagues and 
laboratory personnel who extended their time, advises, technical assistance and 
expertise during my research. 
 
 
 Lastly, special thanks to all my family members for their encouragement, 












 A low-cost, easily obtained and eco-friendly adsorbents has been investigated 
as an ideal alternative to the current expensive methods such as using activated 
carbon for removing dyes from wastewater.  This study investigated the use of palm 
oil empty fruit bunch (POEFB) fibre, an agricultural waste, for the removal of Acid 
Orange 51 (AO51) dye from aqueous solutions.  Batch mode experiments were 
conducted at room temperature (28 ± 2)°C to study the effect of particle size (75 µm, 
250 µm and 2 mm), initial dye concentrations (10-200 mg/L) and temperature (30-50 
°C) of adsorption characteristics of AO51 dye onto treated and non-treated POEFB 
fibre.  It was found that the adsorption removal of AO51 dye by treated POEFB fibre 
was ~5%, which was far lower than that of ~60% on the untreated POEFB fibre.  The 
equilibrium adsorption isotherms and kinetics were further investigated for untreated 
POEFB fibre.  The adsorption equilibrium data were analyzed by Langmuir, 
Freundlich and Temkin isotherm models.  The results indicated that the equilibrium 
sorption fitted well with the Freundlich isotherm, displaying higher regression 
coefficient, R
2
 value.  Adsorption kinetic data were modeled using the pseudo-first-
order, pseudo-second-order and intraparticle diffusion models.  It was shown that 
pseudo-second-order kinetic model could best describe the adsorption kinetics.  
Isotherms have also been used to obtain the thermodynamic parameters, namely 
enthalpy and entropy of adsorption.  The result showed negative value for both 
enthalpy (-13.91 kJ/mol) and entropy (-38.43 J/mol K) changes.  Based on the 
isotherm studies, it can be concluded that the adsorption of AO51 dye onto untreated 
POEFB is favorable via physical adsorption.  Thermodynamically, the final adsorbed 
state of the dye molecule is lower in energy compared to initial state.  These results 
indicate the potential of using POEFB fibre as a low-cost adsorbent material for 










 Bahan penjerap kos rendah yang mudah di perolehi dan mesra alam telah 
dikaji sebagai alternatif yang ideal kepada kaedah semasa yang mahal seperti 
menggunakan karbon teraktif untuk menyingkirkan pencelup daripada air sisa.  
Kajian ini mengkaji penggunaan serat buah tandan kosong kelapa sawit, yang 
merupakan sisa pertanian, untuk menyingkirkan pencelup „Acid Orange 51‟ (AO51) 
daripada larutan air.  Ujikaji secara kelompok telah dilakukan pada suhu bilik (28 ± 2 
°C) untuk mengkaji kesan saiz zarah (75 µm, 250 µm dan 2 mm), kepekatan awal 
pencelup (10-200 mg/L), dan suhu (30-50 °C) bagi ciri-ciri penjerapan pencelup 
AO51 ke atas serat buah tandan kosong kelapa sawit yang dirawat dan tidak dirawat.  
Didapati bahawa penjerapan penyingkiran pencelup AO51 pada serat buah tandan 
kosong kelapa sawit yang dirawat adalah ~5%, iaitu sangat rendah berbanding 
dengan ~60% bagi serat buah tandan kosong kelapa sawit yang tidak dirawat.  
Keseimbangan penjerapan isoterma dan kinetik dikaji dengan lebih lanjut bagi serat 
buah tandan kosong kelapa sawit yang tidak dirawat.  Data keseimbangan penjerapan 
dianalisis menggunakan model isoterma „Langmuir‟, „Freundlich‟ dan „Temkin‟.  
Hasil menunjukkan bahawa keseimbangan penjerapan berpadanan baik dengan 
model isoterma „Freundlich‟, memaparkan nilai pekali regresi, R2, yang paling 
tinggi.  Data kinetik penjerapan dimodelkan menggunakan model pseudo tertib 
pertama, pseudo tertib kedua dan resapan intrazarah.  Keputusan menunjukkan 
bahawa model kinetik pseudo tertib kedua adalah terbaik yang boleh 
menggambarkan kinetik penjerapan. Isoterma juga digunakan untuk memperoleh 
parameter termodinamik, yang dinamakan penjerapan entalpi dan entropi. Keputusan 
menunjukkan nilai negatif untuk kedua-dua perubahan entalpi (-13.91 kJ/mol) dan 
entropi (-38.43 J/mol K).  Berdasarkan kepada kajian isoterma, dapat disimpulkan 
bahawa penjerapan pencelup AO51 ke atas buah tandan kosong kelapa sawit yang 
tidak dirawat adalah baik melalui penjerapan fizikal. Secara termodinamiknya, 
keadaan akhir terjerap bagi molekul pencelup adalah lebih rendah dalam aras tenaga 
dibandingkan dengan keadaan awal.  Keputusan ini menunjukkan potensi 
menggunakan serat buah tandan kosong kelapa sawit sebagai bahan penjerap kos 
rendah untuk penjerapan pencelup AO51 daripada larutan air.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
